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Description

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for aligning a plurality of objects, e.g., a wafer and
mask, overlapping closely each other by measuring the relative displacement of the objects, and the in-
vention particularly relates to a method and apparatus for alignment suitable for a proximity aligner sys-
tem such as an X-ray exposure system in order to expose both the mask and the wafer.

Conventionally, relative positioning between the mask and wafer has been carried out by detecting po-
sitioning marks using a microscope, as described in Japanese Patent Publication No. 57-42971 or U.S.
Patent Application Serial No. 580,709 (EPC 841056). However, in this system, where the objective lens
of the microscope is located upright over the plane of the mask and wafer, when it is intended fo transfer
a circuit pattern from the mask to the wafer by the X-ray exposure system described in U.S. Patent No.
4,403,336, for example, the optical system for mark detection interferes with the exposure light, e.g., X-
ray. Therefore, it is necessary for the microscope to have its objective lens kept out of the exposing op-
tical system, and this time consuming operation results in a deteriorated throughput. For example, among
latest LS| devices which are going to have a line width of smaller than 1 pm, the X-ray aligner which is a
typical proximity aligner is intended to deal with a line width smaller than 0.8 um. On this account, the align-
ment accuracy as fine as 0.3 pm is now required.

Methods of alignment detection include magnification of the alignment pattern, scanning of the align-
ment pattern using a laser beam and alignment method using a diffraction grating. The first-mentioned
method is that alignment patterns of the mask and wafer are magnified by the objective lens and focused
on the imaging element, the relative displacement of both patterns is evaluated through the signal
processing, and the wafer is moved relative to the mask so that the relative displacement does not exist.
The above-mentioned 0.3 pm alignment accuracy includes the mechanical error of the aligner and the di-
mensional error of the mask and wafer, and therefore the pure alignment accuracy required is as high as
0.1 um.

To cope with this matter, there has been proposed an alignment method, as described in Japanese Pat-
ent Publication No. 57-42971 (1982) for example, in which an objective lens with a smaller focal depth is
used to obtain a larger lens aperture so that a circuit pattern with a poor contrast can be imaged using
much amount of light. In this case, however, the lens needs to have a magnification of 40 to 60 and an
NA of 0.5 or more, as well as a larger aperture and smaller operating distance, and therefore there is a
possibility of interference of the objective lens with the exposing X-ray when the alignment pattern is lo-
cated within the exposure area. This has necessitated the retraction of the objective lens set at each ex-
posure, which has impaired the throughput and disallowed the alignment detection concurrently with expo-
sure.

In the conventional mask-wafer positioning method and apparatus, the fresnel zone marks made on
the mask and wafer are illuminated oblique from outside of the exposure area into the exposure area so
that the coherent light diffracted in the fresnel zone focuses in the exposure area, and therefore the ob-
jective lens for detecting the focal position must be located in the exposure area. Accordingly, the focal
point in the fresne!l zone is detected by the objective lens and, after alignment of the wafer to the mask,
the objective lens must be retracted. The conventional exposing method has employed a single exposing
operation for the entire surface of a wafer, and a slight overhead time has not been a serious matter. A
positioning method of this category is disclosed in U.S. Patent Application Serial No. 139,544 (US-A 4
326 805).

In the case of the step-and-repeat method which is intended to transfer a fine pattern with less than 1
pm line width, the alignment and exposing operations are repeated more than ten times for each wafer,
and the reduction of the alignment time is an urgent request. An associated problem is the deterioration
of the mask-wafer alignment accuracy due to the vibration when the objective lens is moved following
each mask-wafer alignment operation.

SUMMARY OF THE INVENTION

An object of this invention is to provide a method and apparatus for alignment, in which the objective
lens of a microscope for viewing a mask and wafer does not interfere with the exposure light, e.g., X-
ray, so that the microscope objective lens does not need to retract, thereby improving the throughput,
and the position of the mask and wafer can be detected during exposure, and moreover the alignment
mark on the mask is detected accurately, whereby accurate alignment can be accomplished.

In order to achieve the above objective, the inventive apparatus is arranged to have its microscope
objective fens inclined with respect to the normal of the detection plane, i.e., the mask plane or wafer
plane, so that the lens does not interfere with the exposure light, e.g., X-ray, thereby allowing the image
transfer while detecting the relative position between the mask and wafer, and is provided with a mask
alignment pattern which is formed of a pluraliry of linear segments oriented in one direction so that the
mask alignment pattern without the shadow can be made longer, and is adapted to receive image signals
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across the linear segments, thereby improving the accuracy of positional detection of the mask align-
ment pattern, whereby as a result the mask-wafer alignment accuracy is upgraded.

With the microscope objective lens being arranged oblique-with respect to the normal of the detection
plane, i.e., the mask plane or wafer plane, as mentioned above, the detection plane of the microscope ob-
jective lens is not perpendicular to the detection optical axis, and therefore when it is detected by the mi-
croscope objective lens, the imaging plane becomes more oblique against the optical axis. On this ac-
count, even if the optical sensor for positional detection is placed at right angles with the optical axis, the
in-focus portion is only a fraction of the whole and sufficient positional information cannot be obtained.
To cope with this matter, a diffraction grating having a grating face in a certain shape is disposed virtual-
ly in coincidence with the imaging plane which is oblique with respect to the optical axis. When the light re-
flected virtually in perpendicular to the diffraction grating face is focused again by the objective lens of
a second microscope, the imaging plane intersects the optical axis virtually at right angles. By placing the
optical sensor on the imaging plane, the positions of the mask and wafer are detected.

Another feature of this invention is that an objective lens with small NA (Numerical Aperture) is used
to make up a magnification optical system. Since an objective lens with small NA has a longer operating
distance and a deeper focal depth, it becomes possible to detect the alignment pattern in an oblique ar-
rangement so that is does not interfere with the exposure light even in detecting a pattern in the expo-
sure area or its periphery. However, positional detection is in only one direction for an optical axis (the
direction at right angles with the detection optical axis on the wafer or mask plane), and therefore three
optical axes are required for three-dimensional detection (X, Y, 6) for example.

With the illumination light incident at right angles with the mask alignment plane, its shadow overlaps
right on the entire mask afignment pattern, but when the illumination light is incident at a certain inclination
angle with the plane normal to the mask alignment plane, a displacement of the shadow occurs in the re-
flection direction seen from the incident direction from the alignment pattern. In this invention, the mask
alignment pattern is formed of a plurality of linear segments oriented in one direction so that the pattern
without the shadow can be made longer and the image signals across the linear segment are received,
with the intention of improving the accuracy of positional detection of the mask alignment pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a front view showing in brief the mask alignment apparatus embodying this invention;

Fig. 1B is a plan view of the apparatus shown in Fig. 1A;

Fig. 2A is a cross-sectional view of a portion of detection on the wafer alignment pattern and mask
alignment pattern;

Fig. 2B is a diagram showing detected images of the wafer alignment pattern and mask alignment pat-
tern;

Fig. 3 is a block diagram of the processing circuit shown in Fig. 1A;

Fig. 4 is a set of waveform diagrams, (A) showing the video signal produced by the TV camera, (B)
showing the signal processed by the sample-holding circuit, (C) showing the value of the logarithmic
function calculated by the operational circuit;

Fig. 5 is a perspective view of the apparatus for detecting the relative position of objects, to which
this invention is applied;

Fig. 6 is an enlarged perspective view of the illumination optical system and detection optical system
shown in Fig. 5; '

Fig. 7 is a set of diagrams showing detection patterns;

Figs. 8A and 8B are diagrams used to explain the shadow of the mask alignment pattern created on the
wafer alignment plane;

Figs. 9A, 9B and 9C are diagrams showing the image input to the TV camera and the corresponding
output signal;

Fig. 10A is a diagram explaining the compression process for the image of the mask alignment pattern;

Fig. 10B is a diagram explaining the summation of the signals in section 2m shown in Fig. 10A;

Fig. 10C is a diagram explaining the average signal;

Figs. 11A and 11B are diagrams showing the relationship between the mask alignment, the shadow image
and the masking pickup position according to the separate embodiments of this invention;

Fig. 12A is a diagram showing the relationship between the mask alignment, the shadow image and the
pick-up position according to this invention;

Fig. 12B is a diagram explaining the summation of the signals;

Fig. 12C is a diagram explaining the average signal;

Fig. 12D is a diagram explaining the extraction of the mask alignment pattern signal by masking;

Fig. 13A is a diagram showing the relationship between the wafer alignment pattern and the pickup posi-
tion;

Fig. 13B is a diagram explaining the summation of the signals;

Fig. 13C is a diagram explaining the average signal;

Fig. 13D is a diagram explaining the extraction of the wafer alignment pattern signal by masking;
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Fig. 14 is a diagram showing the signal produced by merging the signal shown in Fig. 12D and the signal
shown in Fig. 13D;

Figs. 15A to 15C a set of diagrams showing the alignment pattern detection directions; and

Fig. 16 is a flowchart showing the operational process implemented by the operational circuit shown in
Fig. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of this invention will now be described with reference to the drawings. Fig. 1A is a front
view showing in brief the arrangement of the inventive mask alignment apparatus, and Fig. 1B is a plan
view pertinent to Fig. 1A.

In the figures, a wafer 1 has a formation of a wafer pattern (not shown) on its upper surface. A mask 3
is made of a fransparent sheet and disposed in paralle! to the wafer 1 with a spacing of 10-15 pm. The
mask 3 has on its upper surface a formation of three alignment patterns 7 on streets 6 within a chip 5,
and has on its lower surface a formation of a mask pattern (not shown) in location coincident with the wa-
fer pattern. An exposure X-ray beam 4 is emitted from an X-ray source (not shown) located above the
mask 3, and it is intended to project the mask pattern on to an area of 30 mm square, for example, on the
wafer 1. Reference number 8 generally denotes three sets of lillumination optical systems (only one set is
shown in the figure), and each system operates such that the white ilumination light produced by a light
source 9 is conducted through a fiber 10a, lens 11, filter 10b, diaphragms 12a and 12b, and a lens 1310 a
mirror 14, which is disposed outside the field of the exposure X-ray beam 4 so that the illumination light
beam irradiates the wafer alignment pattern and mask alignment pattern along the illumination optical axis
16 that inclines by about 20° with respect to the plane at right angles with the alignment direction (Y direc-
tion), i.e., with respect to the normal 15.

Reference number 20 generally denotes three sets of detection optical systems (only one set is shown
in the figure), and each system consists of an objective lens 21, a mirror 22, a focusing lens 23, a TV
camera 25, a monitor TV set 26, and a processing circuit 27. The objective lens 21 is disposed on the de-
tection optical axis 28 which inclines by the same angle 8 = 20° as for the illumination optical axis 16 with
respect to the normal 15 and in location outside the field of the exposure X-ray beam 4. As shown in Fig.
2A for the cross-section of the detecting portion of the wafer alignment pattern 18 of the wafer 1 and the
mask alignment pattern 19 of the mask 3, when a plane at right angles with the detection optical axis 28
passing through the center 0 of the wafer alignment pattern 18 and mask alignment pattern 19 on the nor-
mal 15 is assumed to be an imaginative focal plane 29, intersections MF and WF of the imaginative focal
plane 29 with the mask alignment pattern 19 and wafer alignment pattern 18 have distance therebetween
defining a focal range L, and as shown in Fig. 2B the image displayed on the monitor TV screen 25 is such
that the mask pattern 19 at a latelally center position is best in-focus at the left-hand intersection MF
and the pattern goes out of focus as the position moves to both longitudinal directions, while two wafer
patterns 18 on both sides of the central mask pattern 19 is best in-focus at the right-hand intersection
WF and the pattern goes out of focus as the position moves to both longitudinal directions. The range L
between the intersections MF and WF is calculated to be 26.3 um in terms of the view field based on the
result of Table 1. The availability of such a large in-focus range L owes to the smaller NA of the objective
lens 21.

According to the Rayleigh's formulas, the performance of the objective lens is given as functions of
NA as follows.

Resolution: R = 0'614"1—\1% -1 «e. (1)
Focal depth: |Z]| s 2= - 1) ce. (2)
2 NAZ

where A is the wavelength of the light used. As indicated, the smaller the NA, the larger is the operating
distance. The following Table 1 is the result of calculation of the above equations (1) and (2) for NA taking
values 0.25 and 0.5.
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Table 1

NA& Resolution | Focal depth | Operating distance

0.25 0.6 um +4.5 um 20 mnm

0.5 1.4 um 0.9 pm 5 mm

(A = 0.6 um)

As will be appreciated from Table 1 and equations (1) and (2), design factors such as the focal depth
and operating distance are improved significantly although the resolution falls. Based on the above ex-
amination, the present invention employs an objective fens with smaller NA in the magnification optical
system.

The processing circuit 27 in Fig. 1A is shown in more detail in Fig. 3, in which a sample-holding circuit
30 operates in response to a video signal 31 as shown in Fig. 4(A} to sample the signal at a constant inter-
val to sampling positions x1, X2, ..., xn and hold the respective signal levels y1, y2, ..., yn as shown in Fig:
4(B). A sampling signal generator 32 provides the sampling signal for the sample-holding circuit 30. An
A/D converter 33 converts the analog signal held in the sample-holding circuit 30 into digital data. A
memory 34 stores temporarily the digital data y1, y2, ..., yn provided by the A/D converter 33. An opera-
tional circuit 35 calculates the symmetry function Zi(xi) given by the foliowing equation (3) with respect to
+ sampling positions centered by point xi as a point of symmetry as shown in Fig. 4(B).

m
2(xt) = Hyleioj) - y(xi+3) 12 oo (3)
i=1 :

where m is a value determined optimally in consideration of the dimensions of the position alignment pat-
tern in attention on the wafer 1 as shown in Fig. 4(B). The operational circuit 35 calculates the symmetry
function Zi(xi) as shown in Fig. 4(C) by moving the symmetric point xi from x1 to x2 and up to xn, and de-
tects a symmetric point xo which minimizes the function. The processing circuit 27 further includes an in-
terface 54 for sending the alignment value from the operational circuit 35 to the motor driver shown in
Fig. 1.

in summary, the processing circuit 27 operates such that the TV camera 25 transforms an image as
shown in Fig. 2(B} into a video signal 31 shown in Fig. 4(A), the sample-holding circuit 30 takes samples
of the video signal 31 at a constant interval, the A/D converter 33 converts held value y1, ¥2, ..., yn into
digital data y1, y2, ..., yn, and the operational circuit 35 calculates the symmetry function Zi(xi) given by
the equation (3) for +j sampling positions centered by symmetric point xi, while moving the symmetric point
from x1, X2, ..., Xn successively, as shown in Fig. 4(B), so as to find a symmetric point xo providing the
minimum value of Zi(xi) as shown in Fig. 4(C). The symmetric point xo is the position of the most satisfac-
tory symmetric pattern matching, and it indicates a true position of the position afignment pattern. The
present invention allows concurrent focusing for the mask alignment pattern 19 and wafer alignment pat-
tern 18, as described in connection with Fig. 2A, and therefore a double focal point can be realized using
the single optical system.

Fig. 5 is a perspective view of the apparatus for detecting the relative position of objects according
to an embodiment of this invention. In the figure, an X table 38 is supported on a base 36 so that it is
moved in the X direction by an X-axis driving motor 37, a Y table 40 is supported on the X table 38 so
that it is moved in the Y diréction by a Y-axis driving motor 39, and the wafer 1 shown in Fig. 1 is mounted
on the Y table 40. A platform 42 is fixed over the waver 1 by means of feet 41, and the aforementioned
mask 3 is fixed on the platform 42 above the wafer 1. The aforementioned three sets of illumination opti-
cal systems 8 and three sets of detection optical systems 20 are disposed in a radial formation around
the mask 3 on the platform 42, and the three sets of illunimation optical systems 8 are linked through re-
spective fibers 10a to an Xe lamp house 43 which is supported independently of the platform 42.In this
arrangement, the three sets of illumination optical systems 8 activated by the Xe lamp house 43 through
the three fibers 10a operate to irradiate the mask 3 and wafer 1 concurrently, while at the same time the
three sets of detection optical systems 20 operate to detect alignment errors between the wafer 1 and
mask 3 in the X, Y and o directions concurrently so as to move the X table 38 and Y table 40 in response
to the detected alignment errors, thereby aligning the wafer 1 with the mask 3.

Fig. 6 is a perspective view showing in detail a set of the ilumination optical system 8 and detection op-
tical system 20 shown in Fig. 5. As shown in the figure, both the illumination optical system 8 and detec-
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tion optical system 20 are supported on a common table 44, which is supported on a table 46 so that it is
moved in the radial direction of the mask 3 by a driving motor 45, and the table 46 is supported fixedly on
the platform 42 shown in Fig. 5. This arrangement allows both the illumination optical system 8 and detec-
tion optical system 20 to move concurrently in the radial direction over the mask 3. The positioning opera-
tion can take place for the alignment pattern 47 for multiple sequential processes existing on the street 6
formed within the chip 5 on the mask 3. Moreover, the sequential positioning operation can take place
for various sizes of the chip 5. )

Figs. 7(A) to 7(D) show embodiments of the detection pattern. In the figures, each of detection pat-
terns 19a - 19d is formed of many detection pattern segments 50 by the following reason. As shown in
Fig. 8A, a wafer 1 and mask 3 are placed in parallel to each other with a spacing of 10 um for example, and
a mask pattern 19 on the lower surface of the mask 3 is illuminated by the light having an optical axis 13 in-
clined by angle ¢ with respect to the normal 15 which is at right angles with the alignment plane of the wa-
fer t and mask 3, with the result of the creation of a shadow 51 of the mask pattern 18 on the wafer 1, as
shown in Fig. 8B. When the mask pattern is shot by the TV camera 25 through the objective lens 21, the
shadow 51 is created to surround part of the mask pattern 19, and in this siate the center of the position-
ing pattern is obtained as shown in Fig. 4(C) by the processing circuit 27 shown in Fig. 3. On this ac-
count, in producing a video signal 31, as shown in Fig. 4(A), by the TV camera 25 from the image of the
mask pattern 19 shown in Fig. 8B, the signal shown in Fig. 9C obtained from a distortion of the mask pat-
tern 19 or signal noise in correspondence to a raster of the TV camera 25 shown in Figs. 9A and 9B can-
not provide accurate positional information in many cases.

An attempt was made for overcoming the problem caused by the above-mentioned shadow image by
compressing the image of the mask pattern 19 on one raster of the TV camera 25 on an optical basis or by
a signal processing technique. As shown in Fig. 10A, the TV camera 25 scans the image of the mask pat-
tern 19 across a band of m rasters from raster position ¢ to raster position d to produce a video signal,
the sample-holding cirucit 30 in the processing circuit 27 shown in Fig. 3 samples the signal at a constant
interval to hold signal levels y1, y2, ..., yn, the A/D converter 18 transforms the signal levels into digital
data, the memory 34 stores temporality the digital data, the operational circuit 35 calculates the sum of
the digital data as shown in Fig. 10B and calculates the mean value as shown in Fig. 10C, and finally the
symmetric point porviding a minimum value is obtained.

in the above method, as will be appreciated from Fig. 10A, the TV camera 25 shoots the mask pattern
19 and shadow image 51 concurrently during the scanning of the m-raster band, and therefore the accu-
racy of detecting the position of the mask pattern 19 is deteriorated.

in detecting a wafer pattern, it is necessary to make the compression range wide due to the influence
of the resist and the membrane of the mask, but in detecting the mask pattern, these influences are ab-
sent, allowing a relatively narrow compression range, and the required compression range 2m is around
60 rasters (7.5 pm on the pattern) or more. in contrast, the portion without the shadow of mask pattern 19
is as small as 40 rasters (10 - 15 pm x tan 6 = 10 - 15 pm x tan 20° = 3 - 5 pm on the pattern), and this is a
problem.

According to this invention, the mask pattern 19 is formed of a plurality of linear mask pattern seg-
ments 50 with a spacing 49 equal in dimension to the shadow image 51 so that images 19’ and shadow im-
ages 51 are placed alternately as shown in Fig. 11A, thereby preventing the shadow image 51 from ente-
ring to the image of each mask pattern segment 50. Namely, the pattern entry area is restricted so that
the influence of the shadow is avoided. For this, alignment detection is carried out manually or by means
of the detection system and processing circuit 27 shown in Fig. 1 so that the mask pattern is included
within a predetermined area 53 on the screen, and then positioning is carried out by activating a motor
52-1 using a driver 53-1.

Subsequently, the operational circuit 35 implements the alignment process by following the procedure
shown in Fig. 16. Initially, it is necessary to take a wide range of compression due to the influence of the
resist and the membrane of the mask in detecting the wafer pattern, but these influences are absent in
detecting the mask pattérn and the compression range can be relatively narrow. Accordingly, for the de-
tection of the mask pattern, the sum of the signals is calculated as shown in Fig. 12B for the predeter-
mined areas S1 - E1 and 82 - E2 as shown in Fig. 12A in the same method as described in Fig. 10, the mean
value is calculated as shown in Fig. 12C, and only the mask pattern is extracted by masking off the por-
tion of the wafer pattern as shown in Fig. 12D.

Subsequently, for the detection of the wafer pattern which is generally similar to mask pattern detec-
tion, the sum of the signals is calculated as shown in Fig. 13B for the predetermined areas 83 - E3 as
shown in Fig. 13A by the same method described in Fig. 10, the mean value is calculated as shown in Fig.
13C, and only the wafer patiern is extracted by masking off the portion of the mask pattern as shown in
Fig. 13D.

Finally, by summing the signals obtained from Fig. 12D and Fig. 13D, as shown in Fig. 14, the accurate
alignment pattern signal can be obtained, and the positional relationship of the mask and wafer can be de-
tected accurately. Based on this detected data, the mask-pattern positioning operation is carried out by
means of the driver 53 and motor 52 shown in Fig. 1.

Besides the shapes of the alignment pattern shown in Fig. 1 through Fig. 6, there are other pattern
shapes as shown in Fig. 7. Fig. 7(A) shows the case where a mask alignment pattern 19a in the form of a
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dashed line and two linear wafer alignment pattern 18a located symmetrically on both sides of 19a are ar-
ranged on and in parallel o the optical axis plane 48. Fig. 7(B) shows the case where a dashed-line mask
alignment pattern 19b and two linear wafer alignment patterns and three mask alignment patterns 18b lo-
cated alternately and symmetrically on both sides of 19b are arranged on and in parallel to the optical axis
plane 48. Fig. 7(C) shows the case where a linear wafer alignment pattern 18¢ and two sets of linear wa-
fer alignment patterns 18c located symmetrically on both sides of the first-mentioned 18c are arranged,
with three dashed-line mask alignment patterns 19¢ having a smalier dimension in the longitudinal direc-
tion of the optical axis plane 48 being disposed in the central portion of the above three sets of wafer
alignment patterns 18c, are arranged on and in parallei to the optical axis plane 48. Fig. 7(D) shows the
case where linear wafer alignment patterns 18d and dashed-line mask alignment patterns 19g and 15h are
arranged in parallel to the optical axis on the optical axis plane 48. Fig. 7(E) shows the case where a
dashed-line mask alignment pattern 19e and two linear wafer alignment patterns 18e located oblique and
symmetrically with respect to the optical axis piane 48 on both sides of 19e are arranged on and in parallel
1o the optical axis plane 48.

As will be appreciated from the above figures, the inventive method is capable of alignment detection
provided that patterns are arranged symmetrically with respect to the plane paraliel to the optical axis
plane 48 (i.e., the plane at right angles with the drawing). The optical axis plane 48 may have a parallel
displacement within the figure. The reason is that for the case of a plane in other direction than men-
tioned above, the foregoing inventive method, which implements detection in a direction inclined with re-
spect to the alignment plane, is incapable of accurate alignment detection due to the occurrence of asym-
metry for planes other than that in paralle! to the optical axis plane 46.

Figs. 15A through 15C show the directions of detection for three sets of alignment patterns 49a, 49b
and 49¢c, each set made up of a central mask alignment pattern 19j and two wafer alignment patterns 18i lo-
cated symmetrically on both sides of 19j. Fig. 15A shows the case where a set of alignment patterns 49a
are placed on a center line Oz in the Y direction so that a mask alignment pattern 19j and two wafer align-
ment patterns 18i are arranged in the X direction and other two sets of alignment patterns 49b and 49¢
each including a mask alignment pattern 19j and two wafer alignment patterns 18i are placed on a center
line Os in the X direction, with the distance of these sets of alignment patterns from the center Oy of the
wafer 1 and mask 3 being made equal. Fig. 15B shows the case where among four planes H, |, J and K par-
titioned by a center line Os in the X direction and a center line Oz in the Y direction both passing through
the center Oy of the wafer 1 and mask 3, three sets of alignment patierns 49a, 49b and 49c are placed on
the planes 1, J and K, respectively, so that a mask aligment pattern 19i and two wafer alignment patterns
18i are arranged in the X direction for each of the alignment pattern sets 49a and 49b placed on planes |
and J, and a mask alignment pattern 19i and two wafer alignment patterns 18i are arranged in the Y direc-
tion for the alignment pattern set 49c placed on plane K. Fig. 15C shows the case where three sets of
alignment patterns 49a, 49b and 49c are placed radially with respect to the center Oy, so that a mask
alignment pattern 10i and two wafer alignment patterns 18i are arranged in the Y direction for the align-
ment pattern set 49a, and a mask alignment pattern 19i and two wafer alignment patterns 18i are arranged
in the oblique direction for each of the alignment pattern sets 49b and 4Sc. In any case, arrangement
may be made so that three-dimensional detection is implemented using three sets of alignment patterns.

When each illumination optical system has its optical axis provided symmetrically against the optical ax-
is of the detection optical system, the dark field illumination, illumination from the objective lens, or combi-
nation of these may be employed. Although in the foregoing embodiment the X-ray beam is used for the
exposure light, the present invention is not confined to this, but a corpuscular beam or white light beam
can also be used. It is not necessary to place an alignment pattern exclusively, but an image created in
proximity to the wafer and mask can be used. The objective lens is preferably one having NA of below
0.4, and the inclination of the detection optical axis is preferably smalier than 70°.

The foregoing present invention has the following advantages.

(1) For the detection of alignment pattern in or near the exposure area: :

(i) The conventional system, in which the optical system is moved at each alignment of exposure area,
has necessitated the accuracy of movement of the order of um and at least two seconds of time for
the movement in a limited space between the mask plane and exposure light source, which amounts to
about four seconds for setting and retraction. Therefore, the cyclic operation of four seconds includ-
ing exposure, detection, positioning and movement for each piece of wafer has taken a considerable
length of time. In contrast, the inventive method does not necessitate the movement of the optical sys-
tem, whereby the throughput can be improved.

(i) Alignment can immediately be followed by exposure, or alignment can take place during exposure,
which prevents the deterioration of accuracy (about 0.05 pm) caused by the time lag (about two sec-
onds) after alignment until exposure.

(iii) The conventional system has necessitated a mechanism for moving the optical system for each ex-
posure area, resulting in a complex structure and a degraded accuracy due to the movement of optical
component parts such as the lens system. In contrast, the inventive system does not need to move
the optical system, whereby the structure is made simple and the accuracy can be improved.

(2) For detection of alignment pattern outside of the exposure area:
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(i) The exposure area and the detection position can be made coincident or close to each ether, which
prevents the alignment error caused by the dimensional error (ranging up to 0.05 pm) due to the loca-
tion of the mask and wafer. .

(i) The yield of chips in the peripheral section of a wafer can be improved.

(3) The alignment pattern optical system inclined at a certain angle against the plane at right angles with
the alignment planes of multiple objects creates the shadow of the alignment pattern at a position dis-
placed from the alignment pattern position, and this is used to detect the alignment positions of the multi-
ple objects from the alignment pattern which is not affected by the shadow, whereby accurate positional
detection is achieved, with ultimate effectiveness of the improved alignment accuracy, higher density in-
tegration and improved yield of semiconductor circuits.

(4) Based on the above items (1) to (3), the structure of the apparatus is simplified and accurate posi-
tional detection can be accomplished.

Claims

1. A method of alignment comprising the steps of:
preparing a mask (3) which has a symmetrical formation of an alignment pattern (18) made up of a plurality
of linear segments formed in a peripheral section of said mask (3), and a wafer (1) which has a formation
of an alignment pattern (18) formed in a same direction as of the alignment pattern of said mask and made
up of linear segments;
illuminating said mask alignment pattern (19) along a direction inciined to said alignment direction using an
illumination means;
imaging said mask alignment pattern (19) and said wafer alignment pattern (18) using an imaging means and
transforming the image into a video signal;
converting the video signal into a digital signal using an A/D conversion circuit (33) and storing the digi-
tal signal in a memory (34);
reading out the digital video signal from said memory, and averaging the digital video signal in a mask
alignment pattern area by removing a shadow portion (51) caused by said mask alignment pattern (19), and
further averaging the digital video signal in a wafer alignment pattern area;
detecting a relative displacement between the mask (3) and wafer (1) from the averaged mask alignment
pattern signal detected with a detection optical axis (28) inclined obliquely with respect to the plane of
alignrc?ent of the wafer and of the mask, respectively and averaged wafer alignment pattern signal de-
tected; and
aligning the mask (3) and wafer (1) by moving one of the mask and wafer so that the displacement between
both members does not exist.

2. An apparatus for alignment comprising:
an alignment pattern magnifying optical system which does not interfere with an exposure light beam (4)
and has a detection optical axis (28) inclined at a certain angle with a plane at right angles with the align-
ment plane of a plurality of objects;
an illumination optical system which does not interfere with the exposure light beam (4) and has an illumi-
nation optical axis (16) inciined at a certain angle with the plane at right angles with the alignment plane of
said objects; and
imaging means which images a pattern magnified by said alignment pattern (7) magnifying optical system,
said alignment patiern (7) being formed of a plurality of linear segments of one object in symmetry on a
plane at right angles with the alignment plane of said plurality of objects, one alignment direction being de-
tected using said one detection optical axis by removing a video signal created for a shadow portion aris-
ing on another object, located under the alignment pattern and being provided with further alignment pat-
tern.

3. An alignment apparatus according to claim 2, wherein said detection means comprises an A/D con-
version circuit (33) which transforms a video signal (31) provided by said imaging means (25) into a digital
signal, a memory (34) for storing the digital signal provided by said A/D conversion circuit (33), masking
means (35) which reads out positional coordinates from said memory (34) to remove a shadow portion
caused by the mask alignment pattern (19), first means for summing digital video signals produced from
the mask alignment pattern (19) so as to evaluate an average signal level, second means for summing dig-
ital video signals produced from the wafer alignment pattern so as to evaluate an average signal level,
and an aligning means which calculates a relative displacement between the mask (3) and wafer (1) basing
on the signals provided by said first and second means and aligns the mask (3) and wafer (1) by moving
one of both members.

4. An alignment apparatus according to claim 3, wherein said masking means is arranged such that the
mask alignment pattern (19) imaged by said imaging means is positioned to predetermined coordinates by
finely moving a mask table for holding the mask.

5. An alignment apparatus according to claim 3, wherein said aligning means comprises an X-ray expo-
sure system.
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Patentanspriiche

1. Justierverfahren, umfassend folgende Schritte:

Vorbereiten einer Maske (3) mit einer symmetrischen Ausbildung eines Justiermusters (19) aus einer
Mehrzahl von in einem Randbezirk der Maske (3) gebildeten linearen Segmenten, und eines Wafers (1),
der eine Ausbildung eines Justiermusters (18) aufweist, das in gleicher Richtung wie das Justiermuster
der Maske gebildet und aus linearen Segmenten aufgebaut ist;

Beleuchten des Maskenjustiermusters (19) entlang einer Richtung, die zu der Justierrichtung geneigt ist, .
unter Einsatz einer Beleuchtungseinrichtung;

Abbilden des Maskenjustiermusters (19) und des Waferjustiermusters (18) unter Anwendung einer Abbil-
dungseinrichtung und Umwandeln der Abbildung in ein Videosignal;

Umwandeln des Videosignals in ein Digitalsignal unter Anwendung eines A-D-Wandlers (33) und Spei-
chem des Digitalsignals in einem Speicher (34);

Auslesen des digitalen Videosignals aus dem Speicher und Mitteln des digitalen Videosignals in einem
Maskenjustiermusterbereich durch Entfernen eines durch das Maskenjustiermuster (19) hervorgerufe-
nqrc:h Schattenteils (51) und weiteres Mitteln des digitalen Videosignals in einem Waferjustiermusterbe-
reich;

Detektieren einer relativen Verlagerung zwischen der Maske (3) und dem Wafer (1) aus dem gemitteiten
Maskenjustiermustersignal, das mit einer in bezug auf die Justierebene des Wafers bzw. der Maske
schrag geneigten optischen Detektierachse (28) aufgenommen ist, und dem aufgenommenen gemitteiten
Waferjustiermustersignal; und

Justieren der Maske (3} und des Wafers (1) durch Verschieben der Maske oder des Wafers so, daB die
Verlagerung zwischen beiden nicht besteht.

2. Justiervorrichtung, umfassend:
eine Justiermuster-VergroBerungsoptik, die einen Belichtungsstrahl (4) nicht beeinfluBt und eine opti-
sche Detektierachse (28) hat, die unter einem bestimmien Winkel zu einer Ebene geneigt ist, die recht-
winklig zu der Justierebene einer Mehrzahl von Objekten verlauft;
eine Beleuchtungsoptik, die den Belichtungsstrahl (4) nicht beeinfluBt und eine optische Beleuchtungs-
achse (16) hat, die unter einem bestimmten Winkel zu der Ebene geneigt ist, die rechtwinklig zu der
Justierebene der Objekte veriauft; und
Abb'i&iungsmittel zur Abbildung eines von der VergroBerungsoptik fir das Justiermuster (7) vergroBer-
ten Musters,
wobei das Justiermuster (7) aus einer Mehrzahl von linearen Segmenten eines Objekts symmetrisch auf
einer Ebene, die rechiwinklig zu der Justierebene der Mehrzah! Objekte verlauft, gebildet ist und eine
Justierrichiung unter Anwendung der einen optischen Detektierachse detektiert wird durch Entfernen
eines Videosignals, das fiir einen an einem anderen Objekt, das unter dem Justiermuster liegt und mit ei-
nem weiteren Justiermuster versehen ist, gebildeten Schatteriteil erzeugt wurde.

3. Justiervorrichtung nach Anspruch 2, wobei die Detektiermittel umfassen: einen A-D-Wandler (33),
der ein von der Abbildungseinrichtung (25) geliefertes Videosignal (31) in ein Digitalsignal umwandelt, ei-
nen Speicher (34) zur Speicherung des von dem A-D-Wandler (33) gelieferten Digitalsignals, eine Mas-
kiereinrichtung (35), die Lagekoordinaten aus dem Speicher (34) ausliest zum Entfernen eines durch das
Maskenjustiermuster (19) hervorgerufenen Schattenteils, erste Mittel zur Addition digitaler Videosigna-
le, die aus dem Maskenjustiermuster (19) erzeugt wurden, um einen gemittelten Signalpege! auszuwerten,
zweite Mittel zur Addition digitaler Videosignale, die aus dem Waferjustiermuster erzeugt wurden, um ei-
nen gemittelten Signalpegel auszuwerten, und Justiermittel zum Berechnen einer relativen Verlagerung
zwischen der Maske (3) und dem Wafer (1) auf der Grundlage der von den ersten und zweiten Mitteln
gelieferten Signale und zum Justieren der Maske (3) und des Wafers (1) durch Verschieben eines die-
ser beiden Elemente.

4. Justiervorrichtung.nach Anspruch 3, wobei die Maskiereinrichtung so ausgelegt ist, daB das von
der Abbildungseinrichtung abgebildete Maskenjustiermuster (19) auf vorbestimmten Koordinaten positio-
niert wird durch Feinverstellen eines die Maske halternden Maskentischs.

5. Justiervorrichtung nach Anspruch 3, wobei die Justiermittel ein Rontgenstrahlenbelichtungssystem
umfassen.

Revendications

1. Procédé d'alignement comportant les étapes consistant & : :
préparer un masque (3) qui posséde une formation symétrique d'un motif d'alignement (19) constitué d'une
pluralité de segments linéaires formés dans une section périphérique dudit masque (3), et une franche 1)
qui posséde une formation d'un motif d’alignement (18) réalisé dans une méme direction que le motif d'ali-
gnement dudit masque et constitué de segments linéaires ;
éclairer ledit motif d'alignement de masque (19) selon une direction inclinée par rapport & ladite direction
d'alignemenit en utilisant un organe d'éclairement ;
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former une image dudit motif d'alignement de masque (19) et dudit motif d'alignement de tranche (18) en uti-
lisant un moyen de formation d'image et en transformant I'image en un signal vidéo ;

converiir le signal vidéo en un signal numérique en utilisant un circuit de conversion A/N (33) et mémori-
ser le signal numérique dans une mémoire (34) ; :

lire le signal vidéo numérique de ladite mémoire, et effectuer la moyenne du signal vidéo numérique dans
une zone du motif d'alignement de masque en éliminant une partie d’ombre (51) provoguée par ledit motif
d'alignement de masque (19), et en outre effectuer la moyenne du signal vidéo numérique dans une zone
du motif d'alignement de tranche ; :

détecter un déplacement relatif entre le masque (3) et la franche (1) & partir du signal de motif d'aligne-
ment de masque moyenné détecté avec un axe optique de détection (28) incliné obliquement par rapport
au plan d'alignement de la tranche et du masque, respectivement et du signal de motif d’alignement de
tranche moyenné détecté; et

aligner le masque (3) et la tranche (1) en déplagant soit le masque soit la tranche de sorte que le décalage
entre les deux éléments soit supprimé.

2. Dispositif d’alignement comportant :
un systéme optique de grossissement de motif d'alignement qui n'interfére pas avec un faisceau de lumie-
re d'exposition (4} et posséde un axe optique de détection (28) incliné d’un certain angle par rapport & un
plan orthogonal au plan d'alignement d'une piuralité d'objets ;
un systéme optique d'éclairement qui n'interfére pas avec le faisceau de lumiére d’exposition (4) et pos-
séde un axe optique d’éclairement (16) incliné d'un certain angle par rapport au plan orthogonal au plan
d'alignement desdits objets ; et
des moyens de formation d'image formant une image du motif agrandie par ledit systéme optique de gros-
sissement de motif d'alignement (7),
ledit motif d’alignement (7) étant constitué d'une pluralité de segments linéaires d'un objet symétriquement
a un plan orthogonal au plan d’alignement de ladite pluralité d’objets, une direction d'alignement étant de-
tectée en utilisant ledit axe optique de détection en supprimant un signal vidéo créé pour une partie d’'om-
bre survenant sur un autre objet, disposé au-dessous du motif d’alignement et étant muni d’'un autre mo-
tif d'alignement.

3. Dispositif d’alignement selon la revendication 2, dans leque! lesdits moyens de détection comportent
un circuit de conversion A/N (33) transformant un signal vidéo (31) délivré par lesdits moyens de forma-
tion d'image (25) en un signal numérique, une mémoire (34) pour mémoriser le signal numérique délivré par
ledit circuit de conversion A/N (33), des moyens de masquage (35) qui lisent des coordonnées de posi-
tion de ladite mémoire (34) pour éliminer une partie d'ombre provoquée par le motif d'alignement de mas-
que (19), des premiers moyens pour sommer les signaux vidéo numériques générés a partir du motif d'ali-
gnement de masque (19) de maniére & estimer un niveau de signal moyen, des seconds moyens pour som-
mer des signaux vidéo numériques générés & partir du motif d'alignement de tranche de maniére & estimer
un niveau de signal moyen, et un organe d’alignement qui calcule un décalage relatif entre le masque (3)
et la tranche (1) en fonction des signaux délivrés par lesdits premiers et seconds moyens et aligne le mas-
que (3) et 1a tranche (1) en déplagant I'un des deux éléments.

4. Dispositif d’alignement selon la revendication 3, dans lequel lesdits moyens de masquage sont dis-
posés de telle sorte que I'image du motif d’alignement de masque (19) formée par lesdits moyens de forma-
tion d'image est positionnée & des coordonnées prédéterminées en déplagant de fagon fine un plateau
maintenant le masque.

5. Dispositif d'alignement selon la revendication 3, dans lequel lesdits moyens d'alignement comportent
un systéme d'exposition & rayons X.

10
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